To evaluate neurotransmitter deficiencies and neurotransmitter-based treatments for frontotemporal dementia (FTD). Methods: The authors conducted a systematic review of the literature on the mechanism and treatment of FTD and a meta-analysis of treatment studies of antidepressants for the behavioral symptoms of FTD. Results: Patients with FTD show deficiencies in the serotonin and dopamine neurotransmitter systems, while the acetylcholine system appears relatively intact. Antidepressant treatment significantly improves behavioral symptoms in FTD, but most studies are small and uncontrolled. Serotonergic treatments appear to improve the behavioral but not cognitive symptoms of FTD. Conclusions: Studies of neurotransmitter deficiencies in frontotemporal dementia (FTD) can be helpful in developing treatments. Treatment studies on FTD are scarce, given the prevalence and severity of this illness. Larger, well-controlled treatment studies are required to reach more definitive conclusions about treatment efficacy. Multicenter studies are likely the best way to complete treatment studies in a timely manner. NEUROLOGY 2006;66:17-22 Frontotemporal dementia (FTD) is increasingly recognized as an important cause of dementia.
Frontotemporal dementia (FTD) is increasingly recognized as an important cause of dementia. 1 The symptoms of FTD include behavioral symptoms such as disinhibition, inappropriate social behavior, and apathy. Other symptoms include language and executive dysfunction. 2, 3 The behavioral symptoms of FTD can be difficult to manage for caregivers and clinicians.
The paucity of pharmacologic trials for FTD is likely due to the only recent clinical definition of the illness, limitations in understanding the biology of FTD, and the difficulty of assembling wellcharacterized groups of patients.
Currently, the medication strategies used for FTD are based mostly on the neurotransmitter replacement/augmentation strategies used for other neurodegenerative diseases such as Parkinson disease (PD) and Alzheimer disease (AD), and on medications used to treat the behavioral symptoms of illnesses such as AD, major depressive disorder, obsessive-compulsive disorder, and schizophrenia. 4 Hopefully, medications will eventually be developed that affect the underlying disease process of FTD. However, there are several reasons to investigate neurotransmitter-based strategies for FTD: there is evidence that neurotransmitter augmentation strategies can decrease the behavioral symptoms of FTD, and these medications are in current use in patients with FTD and their safety, efficacy, and long-term effects should be evaluated. Also, even when medications that affect the specific disease process of FTD are developed, medications based on augmenting neurotransmitter systems will likely continue to be useful to ameliorate symptoms. In this article we systematically review the biologic mechanisms of FTD, focusing on neurotransmitter studies, and reports of treatments for FTD. We sought to provide a basis for the rational evaluation and investigation of the pharmacologic treatment of FTD. considerable symptom overlap. 2, 5 This hinders comparisons between FTD and psychiatric disorders. Future revisions of the diagnostic criteria for FTD should explicitly address psychiatric illness.
Searches of MEDLINE, EMBASE, and The Cochrane Library were performed through June 2005 with the following diagnosis terms: "frontotemporal dementia or dementia lacking distinctive histopathologic features or dementia lacking distinctive histology or Pick complex or Pick's complex or lobar atrophy or Pick's disease or dementia of the frontal type or frontal lobe degeneration or frontal lobe dementia." These terms were linked to the following terms: "neurotransmitter or monoamine or serotonin or dopamine or norepinephrine or acetylcholine or glutamate or GABA or somatostatin or positron emission tomography or PET or single photon emission computed tomography or SPECT." The search was limited to human subjects and English language publications. The results of the search were evaluated by one of the authors (E.D.H.) and a study was reviewed if it met the following criteria: it was performed on patients with one of the diagnoses listed above, and it contained original data pertaining to neurotransmitter or neuromodulator alterations. Patients with corticobasal degeneration or progressive supranuclear palsy were not included. Imaging studies were included if they investigated neurotransmitter systems, but not if they analyzed only regional blood flow. If an appropriate article was referenced, it was also reviewed. A total of 48 studies were reviewed for this section.
Treatment review. Searches of MEDLINE, EMBASE, and The Cochrane Library were performed through June 2005 with the term "treatment" linked with the diagnosis terms listed in the Mechanism section. The search was limited to human subjects and English language publications. The results of the search were evaluated by one of the authors (E.D.H.) and the study was reviewed if it met the following criteria: it was performed on patients with one of the diagnoses listed above, and it contained original data on pharmacologic or somatic treatment. A study would be included if it looked at FTD in addition to patients with other diagnoses, but only if the data from the FTD patients were reported separately. Studies were not included that evaluated subjects with frontal lobe dysfunction due to other causes, such as traumatic brain injury or stroke. A total of 24 studies were reviewed for this section.
Meta-analysis. Studies were included in the meta-analysis if they tested the effects of an antidepressant medication in patients with frontotemporal dementia and if they performed the Neuropsychiatric Inventory 6 (NPI) as part of their study. We limited the meta-analysis to antidepressants because this was the only class of treatments similar enough to include in a meta-analysis, yet with enough studies to be meaningful. Due to the small number of studies in this area, open-label and uncontrolled studies were included in the meta-analysis. Six studies were included (see table E-2 [on the Neurology Web site at www.neurology.org] and the figure). The change in the total NPI pre-and post-treatment was compared with a random effects model as previously described. 7 Some studies used the 10-item NPI, 8, 9 and some used the 12-item NPI. [10] [11] [12] [13] However, when these studies were grouped separately in the meta-analysis, the difference in the average NPI difference was minimal (Ϫ15.5 vs Ϫ15.2) and so these two groups were combined for the reported meta-analysis.
Results. Mechanism review. Serotonin. The majority of studies that have examined the serotonergic system in FTD or Pick's disease (PiD) have shown deficiencies (see table E-1). This includes autopsy, [14] [15] [16] [17] [18] imaging, 19 and CSF studies. 20 Some CSF studies have failed to show a significant decrease in CSF 5-hydroxyindoleacetic acid (5-HIAA, a serotonin metabolite) 18, 21, 22 but two of these studies showed nonsignificant trends toward decreased CSF 5-HIAA in patients with FTD. 21, 22 This serotonergic deficit appears to be more postsynaptic than presynaptic. 14, 17, 18 This has been demonstrated by a recent PET study that demonstrated decreased 5-HT2A receptors in the orbitofrontal, frontal medial, and cingulate cortices of patients, 19 deficiencies of non-specific serotonin binding, 14 decreased 5-HT1A and 5-HT2A receptors, 17 and decreased LSD 5-HT receptor binding. 18 Three experiments have shown intact or increased imipramine binding, and other measures of presynaptic serotonergic activity, in FTD. 14, 15, 18 However, one study showed neuron loss in the raphe nuclei in patients with FTD. 16 This finding could be due to retrograde transsynaptic degeneration of projecting neurons.
The anatomic and clinical presentation of FTD corresponds well to serotonergic dysfunction: there are strong serotonergic projections to the frontal cortex from the raphe nuclei, 23 low brain levels of serotonin have been associated with aggression and impulsiveness, 24 depressive symptoms, 25 and alterations in frontal cortex metabolism.
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Decreased 5-HT1A receptor activity has been associated with symptoms of depression and anxiety, 27 and antagonism of 5-HT 3 and 2C blockade is associated with increased appetite and weight gain. 18, 28 In addition, the symptoms of FTD overlap considerably with those of psychiatric disorders treated with serotonin augmentation such as depression and obsessive-compulsive disorder. 29 Interestingly, one study found that the CSF homovanillic acid (HVA, a metabolite of dopamine) to 5-HIAA ratio correlated with aggressiveness in FTD, but not AD. 20 Dopamine. The dopaminergic system has interesting theoretical and practical implications for FTD. While the areas of the cortex degenerated in FTD receive serotonin projections, they also receive strong dopaminergic projections. 30 There is clinical evidence of basal ganglia dopamine dysregulation (i.e., parkinsonism) in FTD and FTD variants such as frontotemporal dementia and parkinsonism (FTDP-17). This clinical observation is supported by a PET study that showed decreased presynaptic dopamine transporter in the putamen and caudate of patients with FTD. 31 A SPECT study showed severely reduced presynaptic dopaminergic nerve terminals and mild reduction of postsynaptic D2 receptor binding in the striatum of a patient with FTDP-17. 32 Studies have demonstrated significantly lower CSF levels of HVA and dopamine in FTD and Pick's disease (PiD), 21, 33, 34 and decreased D2 ligand uptake in frontal cortex. 35 Reports that do not support dopamine abnormalities in FTD include one that failed to demonstrate abnormal levels of CSF HVA, 18 and another that failed to show abnormalities in brain dopamine concentrations. 22 There is also clinical overlap between psychiatric disorders involving the dopamine system and FTD; the executive dysfunction of schizophrenia and attention-deficit/hyperactivity disorder appear to be linked to prefrontal cortex hypometabolism 36, 37 and can improve with dopamine augmentation. 36, 38 Acetylcholine. Given the reports of deficiencies in the cholinergic system in AD and the development of treatments related to this deficiency, several investigators have examined the cholinergic system in FTD. The majority of studies demonstrate a relatively intact (especially compared to that in AD) cholinergic system in FTD and PiD. This evidence includes a preservation or increase in cortical choline acetyltransferase, 14, 17, 18, [39] [40] [41] [42] [43] [44] intact acetylcholinesterase levels, 45 intact post-synaptic muscarinic receptor binding, 17 preservation of neurons in the nucleus basalis of Meynert (nbM, the largest collection of presynaptic cholinergic neurons), 41, 43, 46, 47 and lack of response to a scopolamine challenge in one patient. 39 However, some studies have shown decreased muscarinic receptor binding on autopsy 41, [48] [49] [50] and in living subjects with SPECT, 51 and decreased neuron density in the nbM on autopsy. 52 Norepinephrine. There is little evidence on norepinephrine abnormalities in FTD; one study showed decreased number and increased morphologic alterations of noradrenergic neurons in the locus coeruleus in PiD, 53 while another showed relative preservation of the locus coeruleus in FTD. 16 One CSF study showed 3-methoxy-4-hydroxyphenylglycol (MHPG, the major metabolite of CNS norepinephrine) levels in FTD similar to controls, 18 while two others showed non-significantly lower CSF MHPG levels. 21, 22 One study examined the monoamine oxidase (MAO) enzyme system in FTD and showed significantly increased MAO-A activity in the hypothalamus and decreased activity in the nucleus basalis of Meynert and temporal pole in PiD. MAO-B activity was decreased in the nucleus basalis of Meynert and increased in the hypothalamus. 54 Other neurotransmitter systems. There has been increased interest in the glutamate system in FTD since the FDA approval of memantine, a low to moderate affinity noncompetitive NMDA antagonist. However, there is little evidence about this neurotransmitter system in FTD. One autopsy study showed decreased ␣-amino-3-hydroxy-5-methyl-4-isoxazole propionic acid (AMPA) and NMDA receptors in the frontal and temporal cortexes in patients with PiD, and a decrease in AMPA receptors in patients with frontal lobar degeneration. 17 A loss of glutamatergic pyramidal cells and calbindin-D28k-immunoreactive GABAergic neurons in the frontal and temporal cortices of patients with FTD 55 and FTD with motor neuron disease 56 has been reported. However, other evidence on the GABA system in PiD and FTD suggests that it is intact. 18 Treatment review. Overview. This section discusses results of treatment studies for FTD and presents the results of a meta-analysis of the effects of antidepressant treatment on behavioral symptoms of FTD. This literature is subject to several limitations including few studies, small sample sizes, lack of adequate controls, and publication bias. There are few randomized controlled clinical trials for FTD, especially compared to the number of treatment trials for other disorders such as AD. 57 Serotonergic treatments. As reviewed in the previous section, the serotonergic neurotransmitter system has most consistently shown deficits in patients with FTD. Medications that affect this system have been most studied in FTD. There have been two double-blinded, randomized, placebo-controlled trials, and several open-label studies of serotonergic agents for the treatment of FTD (see table E-2 and figure) . The first double-blinded, randomized, placebo-controlled trial reported that treatment with 40 mg of paroxetine for 6 weeks did not improve behavioral symptoms, and was associated with a worsening of cognition, compared to placebo. 12 This finding disagreed with the open-label studies of selective serotonin reuptake inhibitors (SSRIs) and with anecdotal evidence from clinicians that SSRIs improve the behavioral symptoms of FTD. The worsened cognition seen in this trial may reflect the anticholinergic effects of higher dose paroxetine. Also, perhaps a larger study population (they studied 10 patients, some with incomplete data) or a longer medication period is required to detect the effects of the SSRI. However, it is concerning that the effects on behavior in this study were not only not significant, they were in the wrong direction-the paroxetine group showed a nonsignificant increase in their Neuropsychiatric Inventory (NPI) score.
The other medication studied in a double-blinded, randomized placebo-controlled trial is trazodone. Trazodone is a relatively weak SSRI compared to fluoxetine and sertraline. 58 It is a 5-HT1A, 5-HT1C, and 5-HT2 antagonist and its active metabolite is a direct serotonin receptor agonist. 58 It is also an adrenergic alpha-1 (postsynaptic), alpha-2 (presynaptic), and H1 histaminic blocker. 58 A double-blind placebo-controlled crossover study of trazodone up to 300 mg/day in 26 patients with FTD showed a significant decrease in the NPI score with trazodone treatment, but no effect on the Mini-Mental State Examination (MMSE) score. 13 This finding is consistent with other studies of serotonergic medications, which have generally shown an effect on behavior, but not on cognition, in patients with FTD. Of note, almost half the patients reported a treatment-emergent adverse effect when on trazodone including fatigue, dizziness, hypotension, and cold extremities. In the psychiatric community, the use of trazodone as an antidepressant has been limited by adverse effects of fatigue and somnolence. Dopaminergic treatments. While most treatment studies for FTD have focused on the serotonergic neurotransmitter system, some have tested medications that affect the dopaminergic system. Dopamine receptor antagonists (i.e., antipsychotic medications) are used clinically to treat the behavioral symptoms of FTD, especially agitation and disinhibition. This may seem contradictory to the evidence of dopaminergic deficiencies in FTD presented in the previous section. The rationale for this use, however, is that these medications have been used successfully to treat psychotic symptoms and agitation in other types of dementia and disorders such as schizophrenia. In addition, the mechanism of action of the newer generation of "atypical" antipsychotic medications, while complex and beyond the scope of this article, is characterized by less D2 receptor occupancy relative to the occupancy of other receptors than the older, "typical" antipsychotic medications. 59 The mechanism with which these medications reduce agitation is not fully understood. A case report 60 with risperidone and an open-label uncontrolled study 61 of olanzapine support the use of these medications in FTD. The reduction in the NPI observed with olanzapine treatment was similar in magnitude to that observed with antidepressant treatment (see table E-2). As one would expect, patients with FTD appear to have high rates of extrapyramidal symptoms. 62 Accordingly, many clinicians use members of this class of medications with relatively low D2 receptor occupancy, such as quetiapine. Of note, the FDA recently determined that the use of atypical antipsychotics for the treatment of behavioral disorders in elderly patients with dementia is associated with a higher (1.6-to 1.7-fold) mortality than treatment with placebo. Most of this increase in mortality was related to heart-related events or infections, and may be related to sedation. Because of this effect, this class of medications will now have a boxed warning in their labeling describing this risk (http://www.fda.gov/cder/drug/ advisory/antipsychotics.htm).
Given the dopaminergic deficiencies noted in the previous section, there has also been interest in medications that increase dopaminergic transmission. One group treated three patients with FTD with an MAO-B inhibitor (selegiline) and observed a significant decrease in their NPI scores. 10 A case study of partial quantitative EEG normalization and behavioral improvement in a patient with FTD with methylphenidate use has been reported. 63 A recent study demonstrated improvement in performance on a gambling task with reduced risk-taking behavior in FTD patients treated with a single dose of methylphenidate. 73 Methylphenidate is a medication that, through stimulating neurotransmitter release and inhibiting reuptake, results in increased synaptic dopamine and norepinephrine. Stimulants are used to treat depressive symptoms, especially apathy, in patients with depression and other disorders involving the frontal lobes. 64 This class of medications has also demonstrated efficacy in treating the deficiencies of selective attention observed in attention-deficit/hyperactivity disorder. 38 Trials of direct dopamine agonists, such as bromocriptine, have shown some efficacy in other types of dementia, 65 and in patients with frontal lobe traumatic brain injury. 66 While dopaminergic medications have shown interesting preliminary results in patients with FTD, follow-up controlled studies must be performed.
Other treatments. Anecdotal reports had suggested that acetylcholinesterase inhibitors do not help, and may worsen, the symptoms of FTD, which is consistent with the findings, presented in the previous section, that the cholinergic system in FTD, unlike in AD, is relatively intact. 10, 67 However, a recent open-label study of 20 patients with FTD showed a significant improvement in behavioral, but not cognitive, symptoms with rivastigmine treatment. 68 A recent letter to the editor reported clinical improvement in seven of nine, and SPECT improvement in three of nine, patients with FTD treated with acetylcholinesterase inhibitors. 69 One study reported cognitive improvement in three patients treated with the alpha-2 adrenoreceptor antagonist idazoxan, although their results were not statistically tested. 74 Newer neuroprotective agents, such as memantine and riluzole, have interesting potential for the treatment of FTD. The mechanism of action of memantine (a low-affinity NMDA receptor antagonist) may be applicable to FTD as well as to AD. However, there is little evidence on the glutamatergic system in FTD (see Mechanism section). Nevertheless, neuroprotective agents such as memantine have the potential to slow disease progression in FTD.
One article reported subjective impression of response of patients with FTD to a variety of medications including antidepressants, antipsychotic medications, cholinesterase inhibitors, and anticonvulsants. 70 Another retrospectively evaluated the use of amantadine in patients with executive dysfunction of various causes, including from FTD. 71 The results from these articles are not included in table E-2.
Meta-analysis of NPI change with antidepressant treatment in FTD. The meta-analysis presented in the figure shows a combined mean reduction of 15.4 points on the NPI with antidepressant treatment in FTD. This is likely an overestimation of the effect of these medications as these studies had small sample sizes, most were not controlled and thus subject to placebo bias, and there was likely a publication bias toward positive trials. Still, 15.4 points is a large decrease in behavioral symptoms compared to, for example, a recent review which showed that four of five randomized controlled trials showed no benefit of antidepressants in patients with AD, while one showed a 10-point NPI improvement (compared to a 2.3-point improvement on placebo), 57 and a meta-analysis that showed a mean NPI decrease of 1.72 points (CI 0.87 to 2.57) with cholinesterase inhibitor use in AD. 72 AD trials, however, are larger and better controlled than the FTD trials and patients with FTD tend to have higher baseline NPI scores than patients with AD.
Generally, positive serotonergic medication trials show improvement of behavioral symptoms without improvement of cognitive symptoms in patients with FTD. The ability to detect cognitive improvement, however, may be limited by the use of cognitive measures developed for use with AD (e.g., the MMSE and the ADAS-cog). These measures may not be sufficiently attuned to the symptoms of FTD to detect improvement. The choice of which antidepressant medication to use must be tailored to the individual patient. SSRIs tend to be well-tolerated. However, as described earlier, the only randomized placebo-controlled trial of an SSRI did not demonstrate an improvement in symptoms. Trazodone is the only antidepressant shown, in a blinded randomized placebo-controlled trial, to have a significant effect on the behavioral symptoms of FTD. However, trazodone may have a higher incidence of adverse effects, including fatigue and somnolence, than SSRI treatment. There is a lack of data on the long-term effects of antidepressant treatment in FTD.
Conclusions. FTD demonstrates serotonergic abnormalities in the brain, more in the post-synaptic than the pre-synaptic system. There is also evidence of dopaminergic deficiencies. The cholinergic system appears relatively intact in comparison to the deficits observed in AD. There is a dearth of treatment studies for FTD with few randomized controlled trials. However, a few points emerge from a review of this literature. The use of antidepressants as a firstline treatment to reduce the behavioral symptoms of FTD is supported by the current meta-analysis, although the studies are mostly small and uncontrolled. There is currently no evidence on the potential neuroprotective effects of neurotransmitter augmentation strategies in FTD. Further mechanism studies, including imaging studies of the dopamine and serotonin systems in FTD, are required to guide rational clinical trials. Common outcome measures should also be developed, although inclusion of the measures used in previous studies (e.g., the NPI) will facilitate comparison between studies.
